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Anti-corrosion Fi^nents 



The pres^ invention relates to anti-corrosion pigments based on clays. 

5 . 
Clironiate (VI) based anti-corrosion pigments aie widdy used in primer systons tor 
^ psotecdon of alundnium surfiu»s. However, the well-documentEd toxic and 
carcinogemc nature of CKVI) means that ±&» is a requirement for effecd ve, 
enviionmenially friendly alternatives. Considerable research is presently underway to 
10 elucidate the pathways by which water, soluble Cr(VI)-oxo species inhibit cotrasion 
activity on precipitation hardened aluminium aerospace aUoys such as AA2024-T3 , 
in Older tiiat odier inlubitors exhibiting some, if not aU of the attributes of CTO4 " can 
be developol. 

IS It has "beesD demonstrated that cation exchange pigments based on naturally occurring 
bentonite clay can efficiently inhibit corrosion driven delamuiadon on galvanised 
steel sur&ces. The bentonite ion exchange matrix provides a delivery system for 
inhibitor ions such as rare earfli or alkali earth metal cations, which are only released 
when electrolyte is encountered on a corroding metal surface. 

We have now found that an anionic clay can be used to generate anti-corrosion 
pigments captible of delivering aaioiuc inhibitor species onto corroding metal 
surfaces. 

25 According to the invention there is provided an exchangeable anion-beaiing 
hydrotalcite powder as an and corrosion pigment 

The invention also comprises protective coatings incorporating an exchangeable 
anion-bearing hydrotalcite powder as an anti corrosion pigment 

30 

Hydrotalcite type compounds refer to synthetic lamellar mixed hydroxides 
represented by tbe general formula [MZ^^i^ m^JiOHhT lA*: nHjO], where M2 is 
a divalent metal, M3 is a trivalent metal and A is an anion. 

35 Tbe hydrotalcites have a layer-^pe structure similar to brucite (Mg(0H)2). Iso- 
morphic substitution of divalent metal ions (e.g. Mg^*) with cations of higber charge 
(such as Ai**) results in positively char^ layeis. Electroneutrality is pr^erved by 
anions (typically carbonate) located within the hydrated interl^er regions. 

40 Any metal witii the appropriate valency and suitable properties can be used and the 
preferred metal M2 is magnesium and the preferred metal M3 is aluminium. 
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Hydrotalcite materials have widespread use in field of catalysis. Rficent 
developments in HT based catalysts for a range of organic and inorganic reactions are 
oompicbensivdy reviewed by Vaccari Ae reference below. 

5 The HT matrix can be used as a generic support material for a wide range of potential 
inhibitor anions, which has the added benefit of enabling the perfonnance of such 
species to be compared under identical conditions; this enables the HT anion-bearing 
pigment to be significantly more versatile than existing pigment technolo^es based 
on sparingly soluble salts- Any suitable anion can be used, the preferred anions arc 
10 ■ anions with corrosion inhibitor ptopeities; oxidising agents or bases and preferably 
are capable of becoming strongly adsorbed at metal surfaces and (hydr)oxide covered 
metal surfaces and are capable fonning sparingly soluble preciidtates with metal 
cations. 

15 Preferred anions iochide a transition metal oxyanion, a group (HI) oxyanion, a group 
(IV) oxyanion, a group (V) oxyanion, a group (VJ) oxyanion, or a groiq) (VD) 
oxyanion e.g. nitrate (NOa"), nitrite (NOO. chromate (CtO*^'), dichromate (CtjOj \ 
phosphate (PO4^0, carbonate (CCb^O bicarbonate CHCQ3I. molybdate (M0O4 ) 
permanganate (MnOa^). 

20 

The anti-corrosion pigments can be made from commercially ovaUable hydrotalcite 
(HT) powder by a process comprising an initial heat treatment stage, followed by re- 
hydration in an aqueous inhibitor anion solution to produce the anion exchange anti- 
conosion irigment The hydrotalcite clays which can be used as the anion exchange 
25 matrix include commercially available magnesium aluminium hydroxy-carbonate 
• powders. 

Preferably the hydrotalcite clay is calcined (heated in air) to temperatures betweoi 
200*^0 and 600°C to produce an amorphous mbitute of metal hydroxides. The 
30 amorphous mixture of hydroxides is then cooled to room temperature and rehydrated 
using an aqueous solution containing the desired exchangeable anion. It is thought 
that the rehydration acts to i^re the laosfiUa structure, generating positively charged 
magnesium-almninimn hydroxide (Brucite) layers witiK the exchangeable amon m the 
intedayer spaces. 

The pigments of the present invention can be used in a suitable carrier to form an 
anti-conosion surfeoe coating such as a primer or paint to cover the surface to be 
treated. Any of the ^ically used carriers can be used d^endmg on the applicatioii. 
Preferably the composition is applied as a fihn and such fihns can be fornied b^ 
40 on lesms or polymers such as polyvmyl butyral (PVB) films. taU-oil modified 
polyester solutions etc. 

It is a feature of the present invention that the HT based anion exchange pigments can 
provide an effective deHvery system for dispensing hihibltor amons on coirodmg 
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ahimiirium surfece and each tydrotalche-based pigment can produce a profound 
inhibition of fifc attack when compared to control samples coated with un-pigmented 
PVB. 

5 The invention is illustiated in the examples. 
Examples 

Model systems consisting of non-pretreated AA2024-T3 aluminiun alloy substrates 
10 coated with polj-vinyl bulyral (PVB) fihns in which fixed volume fiactions of HT 
based pigments are dispersed were tested. Following initiation by ^plying aqueous 
HCl onto a penetrative coating, the performance of inhibitor pigments disp^ed in 
polyvinyl butyral (PVB) fihns was quantified by means of repeated in-situ scannii^ 
of a fixed senile area using a scanning Kelvin microprobe apparattis. 

15 

Referring to the drawings 

Figure 1 is a schematic Ulustcation showing the two stages of HT pigment preparation 
along with the structural transformations involved. 

20 

Figure 2 is a schematic diagram showing (a) sample preparation and (b) e}q>ertmental 
procedure. 

Figure 3 shows (a) The quantity of Cr04*" released from Cr04^- exchanged calcined 
25 HT, on dispersmg Ig of HT in 100ml of O.IM aqueous solutions of NaiCOj NaOH 
and NaCl (b) The quantity of Cr04^" released from Ig of 0x04^" exchanged calcined 
HT following successive ie-disp«sians m 100 ml aliquots of 0. 1 M aqueous N^Cp3. 

Figure 4 are photographic ira^es showmg Icm^ areas surrounding a penetrative 
30 scribe on PVB coaled AA2024-T3 alumimum alloy samples after a period of 7 days 
following ffc initiation usmg aqueous HCl, when maintained at a constant relative 
humidity of 93%. The appearance of a sample coated using un-pigmented PVB is 
shown in (a), while samples coated with carbonate, nitrate and chromate exchar^ed 
HT-contEuning films at a pigment volume fraction (4») of 0.2 are given in (b), (c) and 
35 (d) restpectively. 

Figure 5 shows the quantification of the average corroded sample area for AA2024- 
T3 samples coated using HT pigmented and un-pigmented PVB fihns after a period 
of 7 days following ffc initiation, 

40 

Figure 6 shows FFC delaminated area, quantified by repetitive scannmg of a fixed 
sample area by means of a SKP apparatus, plotted as a fimction of time for PVB 
coated AA2024-T3 ^mples in the presence and absence of HT inhibitor pigment 
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Key: (a) unpigmented PVB. (b) COj^-HT. <c) NCb'-HT, and (d) CtOA^-Hr at 
pigm^t volume fractions of 0^ 




5 1. Pigment prepaiation 

Hydrolalcite (HT> powder (Ma5Al2(OH)i<!C03.4H20) was obtained fiom the Aldrich 
Chemical Company- Prior to ion exchange, the powder was heal treated at 450°C .for 
3h, vAfiieupott the layered slructure of the hydrotalcite collapses with the evolution of 

10 CO2 and water- lOg of the resultant powder, consisting of an amorphous mixture of 
magnesium and aluminium hydroxides, was then dispersed in 100 cm of aqueous 0.1 
mol dm'^ solutions of the either NaNOa, NaaCCb or NaaCrO, and stined for 3h. The 
rehydration of die heat-treated HT leads to the reconfitruciion of tiie layered structure, 
•wbicb is accompanied by the intercalation of anions from solution. The two stages of 

15 anion exchange process are represented schematically in Figure I. After anion 
exchange, the HT powda: was exhaustively washed by repeated «?ycles of 
oentriftigation and le-disprasion in fresh distilled water until sodium ions could no 
longer be detected in the supernatant when using flame lonisation testing. Finally the 
powders were allowed to dry in air and ptdveiised to give a particle saze of <20jim 

20 diameter. 

Details 

1. Hydrotalcite (HT) powder (Mg6Al2(OH)i6CO3.4H20) was calcined at 450'*C for 

25 3h, whereupon the layered stmcturc of the hydrotalcite collapsed with the evoliitioa 
of COa and water. The resultant powder (lOg), consisting of an amorphous mixture of 
magnesiuin and aluminhnn hydmxidfis. was then disposed in 100 cm of aqueous 0. 1 
mol dm*^ solutions of NaNOa and stirred for 3h. The rehydration of die beat-trEated 
HT produced a reconstruction of the layered structure and anion (NCb") incorporation. 

30 After anion incorporation, the HT powder was exhaustively washed by repeated 
cycles of centrifugadon and re-dispersion in fresh distilled water until sodium ions 
could no longer be detected in the supernatant when using a flame emission test. 
Finally the powders were aUowed to dry in air and pulverised to give a particle size of 
<2DLan diameter. A pofyvinyl bulyral (JT/B) solution was prepared in ethanol (15% 

35 w/w) and sufficient hydrotalcite powder added, in the form of an ethanoiic sluny^o 
^ve a pigment volume fraction of 0.15 in the final (solvent free) coating. The 
components were mixed thoroughly using a high shear blender to produce an anti- 
corrosion paint The hydrotalcite pigmented PVB solution was bar cast on to a clean 
metal surface and aUowed to diy in air. This procedure gave an anti-oorrosion coating 

40 (paint film) with a dried film thickness of 30 pm as measured using a micrometer 
screw gauge. 

•? Hydrotalcnte (HT) powder (Mg6Al2(OH),6CQ3.4H20) was calcined at 450''C for 
3h. The lesultani powder (lOg), consisting of an amorphous mbcture of magnesium 
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axid aluminium hydroxides, was then dispersed in 100 cm^ of aqueous 0.1 mol dm*^ 
. solmions of NaiCOa and stirred for 3h. The rehydration of the heat-treated HT 
produced a reconstruction of tht. layered simcture and anion (COi^') incorpoxation. 
After anion incoxporation, the HT powder was exhaustively washed by repeated 
5 cycles of cexxtrifugation and rc-dispersion in fresh distilled water until sodium ions 
could no longer be detected in the si^etnatant wlien using a flame emission test 
Finally the powders were allowed to diy in air and pulverised to give a panicle size of 
<20^m diameter. A tall-oil modified polyKter solution was prepared in 1:1 
ethanolrtoluene (15% w/w) and sufficient hydrotalcite powder added, in the form of 

10 an ethanolic slurry, to give a pigment volume fraction of 0^ in the final (solvent free) 
coating. The components were mixed thoroughly using a high shear blender to 
produce an anti-^rrosion paint. The hydrotalcite pigmented polyester solution was 
bar cast on to a clean metal surface and allowed to diy in air. This procedure gave an 
anti-coiTOsion coating (paint film) with a dried film thickness of 30 fun as measured 

15 using a micrometer screw gauge. - 

3. Hydrotalcite (HT) powder (Mg6Ab(OH)i<5CO3.4H20) was calcined at 450*^0 for 
3h. The resultant powder (lOg)^ consisting of an amoqi^us mixture of magnesium 
and aluminium hydroxides, was then disperseci in 100 cm** of aqueous 0.1 mol dm'^ 

20 solutions of ammonium molybdate ((NH4)2Mo04) and stirred for 3h. The rehydration 
of the heat-treated HT produced a reconstruction of the layered structure and anion 
(MoOa^"), incorporation. After ^on incorporation, the HT powder was exlmustively 
washed by repeated cycles of ccntrifugation and re-dispersion in fresh distilled water 
until ammonia could no longer be detected in the supernatant by alkalisation and 

25 testing with damp litmus. Finally the powders were allowed to dzy in air and 
pulverised to give a particle size of <20jLiro diameter. An ethyl cellulose solution was 
prepared in 1:1 cthanoh toluene (15% w/w) and sufficient hydrotalcite powder added» 
in the form of an ethanolic slurry, to give a pigment volume fraction of 0.15 in the 
final (solvent free) coating. The components were mixed thoroughly using a high 

30 shear blender to produce an anti-corrosion paint. The hydrotalcite pigmented ethyl 
cellulose solution was bar cast on to a clean metal surfece and allowed to dry in air. 
This procedure gave an anti-corrosion coating (paint film) with a <h:ied film tbdckness 
of 30 |im as measured using a micEX)meter screw gauge. 



35 

2> Sample preparation 

All tests were carried out using AA2024-T3 aluminium alloy (composition by weight 
: 0.5% Si . 0.5% Fe, 3.8 - 4.9% Cu, 0.3 - 0.9% Mn, 1.2 1 .8% Mg, 0.1% Cr, 0.25% 
40 Zn) supplied by BAE Systems Ltd. Samples were cut into 35 mm square coupons and 
abrasively cleaned using an aqueous slurry of 5 jim polishing alumina, followed by 
degreasing in acetone. Poly vixiyl butyrai (PVB) solutions were prepared in ethanol 
(15% w/w) and any required amount of exchanged hydrotalcite powder added as an 
^anplic slurry. The co mpo nents were inixed thqrou^^ usjzig a high shew blender. ^ 
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Pigmented PVB solutions were bar cast on to the clean sample surface as shown m 
Figure 2(a) and allowed to diy in air. This procedure gave a dried fihn thickness of 30 
mn as measured using a micrometer screw gauge. Filifoim conosion was mitiated by 
fflmlying a 1 id volume of aqueous HCl (0.5 mol dm'^) along the lengfli of a 10 mm 

5 ^fect, scribed in the centre of the coated s^ple using a scalpel blade (see Figure 
2(b)) In each case it was ensured that the direction of the scribe was normal to that of 
substeate extrusion. After allowing any excess water to evaporate, the smiple w^ 
placed hi the environmental chamber of the scanning JCelvm nucro|robe (&K^) 
apparatus. Repetitive scans were carried out eveiy 4 hours on a I cm area of ttie 

10 coated AA2024-T3 alloy sample encompassing flie scribe* using a data poutt density 
of 1 0 points per mm and a mean piobe to sample height of 100 microns, to separate 
experiments, duplicate samples were initiated by the same procedure and placed m a 
separate environment chamber maintained at a constant relative humidity 93/o^ 
After a period of 1 week following mitiation, these samples were removed and 

15 photographic images of any corroded regions were recorded. 

Full details of the SKP instrument used in this work can be found in refiwence 3 
below. The scanning refeience probe consisted of a 125 m diameter gold wire 
vOjiated along its long axis and normal to the sample surface with amphtude 40 |xm 

20 and fieouency 280Hz. The sample to be scanned was held in a thermostated stamless 
steelenvironment chamber. A constant relative humidity of 93% was achieved by the 
presence of a reservoir containing saturated Na2SO4.l0H2O (aq), mamtamcd at a 
temperature of 20'C. Prior to commencement of a scanning experiment, the SKP was 
caHbrated in terms of electrode potential ushig tlie established procedure of refocnce 

25 3. This involved measuring the free conoaon potential, Econ (w. SCE) and the Kelvin 
. potential, Ekp shnultaneously for a series of couples (Ag/Ag , Cu/Cu , Fefte ana 
Sti/Zn^S For this purpose a series of caUbratton cells, were prepared by machming 
wells (8mm diameter, 1mm deep) in discs of the relevant nietal (15 mm diameter, 5 
mm thick). These wells were then filled with a 0.5 mol dm"^ aqueous solvmon of^ 

30 respective metal chloride salt (0.5 mol dm"^ nitrate salt in the case of Ag. The 
influence of the PVB coating on caUbtation was taken into account by placmg a ftee- 
standins PVB fihn m contact with the meniscus of the caUbration electrolyte, 
aUov^g the electrolyte. PVB fihn and SKP chamber atmosphere to become 
equilibrated, and then measuring £«.al the PVB-air interface. 



Results 



3. HT anio n <»Y«hange capacity 



40 The anion exchange properties of both calcined and as-received hydrotelcite was 
conveniently studied by spectrophotometrio means for samples treated with aqueous 
Cr04^- sohitions. The UV-visible absorbance of the yellow coloured chromate amon 
at a JUax of 370 nm was used to quantitatively analyse the exchangeable Cr(VD 
content of the HT pi^ients pr^ared. As-Deceived commereiaUy available HT 
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powder does not leadily di^rse in aqueous media and a chromate conta inin g 50 
vol% ethanol/water was used for his material. Atten^ts to exchange Ci04^' into the 
un-calcined HT matrix proved largely unsuccessful and as a consequence, less than 
0.01 mmol of exchangeable Cr(VI) per gram of CtO/~-treated starting material could 
5 be detected in back exchange experimoits employing 0.1 mol dm*^ Na^CCh aqueous 
solutions. 

However, following calcination at temperatures of 400''C or higher* treatment of Ae 
HT powder with aqueous Cr04^" containing solutions leads to a significant take-up of 

10 Cr(VI) resulting in a yellow colouration of the processed HT powder. An optimum 
calcination temperature of 450*^C, giving maximum anion sorption capacity was used. 
Back exchange using a Ig quantity of powder dispersed in 100 cra^ of 0.1 mol dm 
NajCOa (aq), showed an exchangeable Cr(Vl) content of approximately 0,3 mmol/g. 
Figure 3(a) shows a comparison of Cr(VI) exchaaige efBciency in the presence of 

15 various commonly encountered anions at the same concentration. The effect of 
successive back exchanges carried out in aqueous carbonate solution for the same Ig 
quantity of Cr(VI)-HT is given in Figure 3(b). It may be seen that ±e majority of ion 
exchange occurs within the initial back exchange. The total exchange capacity of die 
Cr(VI)-HT powder* over 4 successive back-exchanges using anions, was 

20 calculated to be 0.7 mill equivalents per gram of pigment, corresponding to 0.35 
nunol/g of exchangeable Cr04^". 

4. Anti-corrosion performance of HT pigments 

25 Hie typical appearance of coated AA2024-t3 samples maintained at 93% rh for a 
period of 7 days foUovsring fife initiation using aqueous HCl are shown in Figure 4. 
The marked extent of fib attack observed for ihe un-pigmented coating is consistent 
with results presented previously for the same model system (References 1, 2). 
However, the three samples illustrated in Figures 4{h\ (c) and (d), coated with PVB 

30 films incorporating COj^% NO3" and Cr04^* exchanged HT pij^enls respectively, 
show maricedly reduced susceptibility to ffc attack. The use of image analysis 
software permits quantification of the sample area affected by ffc activity and the 
average results obtained for di^licate test samples coated with the four different PVB 
based film^ are summarised in Figure 5- Further details of parameters such as the 

35 average number of filaments per saniple are average filament extension and width is 
provided in Table 1, Although the presence of exchangeable nitrate ions appear to 
more efBcientiy inhibit ffc when compared to carbonate and a coixoded sarnple area 
basis» thcfc are a significantly greater number of what appear to be filament initiation 
sites. NO3' ions appear to markedly limit the size of filaments, though not their 

40 number^ while the presence of COs^' acts in the reverse fashion, limiting flje nun^, 
though not the size of any filaments. As expected, the incorporation of chroniate ions 
profoundly inhibits any ffc activity, and the anti-corrosion performance of the Cr(VI>- 
HT pigment is comparable with SrCr04 under the same conditions. However, it 
should be noted that die actual Cr04^' content of flie HT pigment coatuife calculated 
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on a molar basis, is about 30 times less than for the same polymer system contaiiung 
SrCr04 at <»im"«>f pigmem volume fractions. Obviously this has important 
environmental connotations with regard to the long tenn release of Cr(VI) species 
fiom anti-GOxrosion coatings based on these jnaterials. 

5 

A. SKP analysis of oiemen t efficiencv 

Repeated scanning of AA2024-T3 samples coated with unpigmented PVB fihns and 
wiA PVB films containmg the 3 different types of HT based pigments at a fixed 
10 volume fraction of 0^, was used to gcaerate a series of time lapse animations 
sho>^'in« dynamic changes in local free corrosion potential (Eco,r). A methodology tor 
quanting the time-dependent progress of ffc filament populations by companng Ac 
spatial distribution of Ecorr values between successive SKP scans ifsbeea desqribed 
in detail in'ieferences 22 and 23. Using this approach, the effect of HT pigment^ 
L5 on ffc delamination kinetics is shown in figure 6. The advantage of usmg the SKP 
technique to quantify delaminaled area in terms of Eoorr, In preference to viswi 
inspection methods, is Aat some areas of underfilm corrosion may be obscured by ^e 
inclusion of pigment. It may be seen from Figure 6 that for an unpi^ented PVB 
coating the ffc delaniinated area growth is Unear with respect to time. However for 
each ifr pigment type, an initial hicrease of delaminated area with tune over ^efirat 
24 h after initiation, is followed by a marked reduction in delammated area growth for 
flirflier periods of up to 4 days. As observed previously in Figures 4 ami 5» the SKP 
analysis confirms that the efficiency of ffc inhibition mcieases with the lype of 
exchangeable anion in ihe order CO^^" < NO/< CiO^. The potentml mode of 
25 operation of an anion exchanged HT inhibitor pigment on a corroding aluminiuin 
smface is thought to proceed in two stages. The first involv^ the mihid removal of 
Cr ions at the initiation stage and the subsequent release of inhibitor ions mto the 
electiohrte covered bare metal defect The second mode of mhibition occurs m the 
underfihn region when the initiatmg electrolyte has penetrated the metal-coating 
30 interface. Upon contact with the chloride-containing electrolyte withm a filament 
head, inhibitor anions are released directly into the head regions, along with 
concomitant removal of CT from the underfilm electrolyte. 



20 



35 4. Conclusion 



40 



The examples studied the efficiency of carbonate, nitrate and chromate exchanged HT 
ii forestaiing filiform corrosion on PVB coated AA2024-T3 al^mum 
surfece by a^mbination of scamiing Kelvin probe <SKP> and casual 
examination techniques. Samples were initiated by placmg J kno^^^^^f.^ 
aqueous HCl on to a penetrative coating defect and mamtained at a constant relative 
humidi^ of 93% foe periods of up to 1 week. 
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AS can be seea the iBCoiporatioa of the HT based pig^^^I^^^^S^ ^Sj^'of 
^:>^J"ofiractivity^ to 7 days ^^J^^^ n'^Sct^^^^ S 

the oi^er C03^' < N03"< CK)4 

Table 1: Characteristics of fife behaviour observed for PVB coated AA2024-T3 
s^Jles in the presence and absence of HT inhibitor pigments. 
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Claims 

1. An anti-corrasion pigment comprising an exchangeable anion-bearing 
5 hydrotalcite. 

2. An anti-coiTOsion pigment as claimed in claim 1 in which the Hydrotalcite is a 
lamellar mixed hydroxide represented by fee general formula [M^"**/., M^x(OH)2)*"' 
[A''". wHzO], where M2 is a divalent metal, M3 is a trivalent metal and A is an 

1 0 exchangeable anion. 

3. An anti-coiTosion pigment as claimed in claim 1 or 2 in which M2 is magne^um 
and M3 is aluminium. 

15 4. An anti-corrosion pigment as claimed in -any one of claims 1 to 3 in whicdi the 
exchangeable anion is an anion with corrosion inhibitor properUes. 

5. An anti-corrosion pigment as claimed in any one of claims 1 to 4 in which the 
exchangeable anion is an oxidising agent 

20 

6. An anti-corrosion pigment as claimed in any one of claims 1 to 5 in which tiie 
exchangeable anion is a base« 

7. An anti-coirosion pigment as claimed in any one of claims 1 to 6 in Vi4uch the 
25 exchangeable anion is capable of becoming strongly adsorbed at metal sur&ces and 

(hydr)oxide covered metal suzfaces. 

8. An anti-corrosion pigment as claimed in any one of claims 1 to 7 in which the 
exchangeable anion is capable forming sparingly soluble precipitates with metal 

30 cations. 

9. An anti-corrosion pigment as claimed in any one of claims 1 to 3 in wiiich tfie 
anion is a transition metal oxyanion, a group (HI) oxyanion, a group (TV) oxyanion, a 
group (V) oxyanion, a group (VI) oxyanion or a group (VII) oxyanion. 

35 

10. An anti-corrosion pigment as claimed in claim 9 in which the anion is nitrate 
(NOs"), nitrite (NOal, chromate (CrO/"). dichromate (CriOy^l, phosphate (P04^-), 
carbonate (COs^"), bicarbonate (HCO3I, molybdate (M0O4 0 or permanganate 

40 

n - An anti-corrosion pigment as claimed in any one of claims 1 to 10 in which the 
pigment is made by a process comprising (i) hearing the hydrtalcite clay and (ii) re- 
hydrating the clay in an aqueous solution containing the anion. 
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12. An anti^rrosion pigment as claimed in claim 11 to which the hydrotalcite is - 
amagaesium aluminium hydroxy-cafbonate powder. 

13. An ^^arro^n pigment as claimed in claim 12 in which the hydrotalcite is 
5 (MgsAlj(OH)i6C03.4H20). 

sohrtion containing the exchangeable amon. 

15 An anti-corrosion fonnulation comprisinganinhibit^^^ 
oneo?ins.l to 15 dispersed m a film-foimi0g formulation or bmder. 

" 16. An anti-oorxosion formulation as claimed in claim 15 in >vhich the fihn-foxming 
fonnulation or binder is a polymeric binder. 

, 7 An anti^rrosion fomxulation as claimed in claim 15 or 16 in which the binder is 
20 Jpo^tM^^l(PVB)filmoratan.oamodifiedpolye^^ 

18. An anti-conosion fonnulation as claimed m claim 15, 16 or 17 which is a primer 
or paint or can form a lamellar coating. 
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Abstract 



coated AA2024-T3 alumimum alloy samples. 
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Figure 2 
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Substrate rolling direction 
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